Abstract-Phase change materials (PCMs) are the excellent option used to store thermal energy as latent heat which substantially contribute to the efficient use and conservation of waste heat and solar energy. There are very few studies on nano enhanced inorganic PCM especially calcium chloride hexahydrate. Therefore, the aim of this paper is to examine the effects of graphene on the microstructural and thermal properties of calcium chloride hexahydrate. The thermal conductivity and morphology of pure PCM and nanoenhanced graphene PCM was investigated using Field emission scanning electron microscope (FESEM), Transmission electron microscope (TEM), 3D Laser microscope (LEXT), KD2 Pro thermal property analyser and Differential scanning calorimeter (DSC) methods. From the microstructural observation, a sharp single lattice fringe proved that graphene has uniformly dispersed with PCM and removed the stacking effect and agglomeration. The thermal conductivity and increased by 20% when 2wt% of graphene were mixed with calcium chloride hexahydrate. This nanoenhanced PCM is suitable for energy storage in solar thermal and photovoltaic thermal applications.
INTRODUCTION
Nowadays, the entire world is facing an energy conflict whereby the energy demand usually supplied by nonrenewable sources such as fossil fuels and natural gas. Although these sources are essential in moving the industrial activities and expand economy of the countries, they also harm the environment [1] [2] . Solar energy has become an alternative to these problems due to its potential to mitigate issues related to environment and economic challenges [3] . Although its promising benefits, solar energy have few drawbacks such as high installation and maintenance cost, can be harvests only in daylight and the utmost challenges is on how to store this energy for later use [4] .
One of the excellent storage options is latent heat storage (LHS). When a material goes through a phase change process whether from solid to liquid or vice verse, it will absorb, and release energy and this absorb-release process is called latent heat of fusion. LHS draws great attention due to its huge energy storage space and has the capacity to store heat of fusion at a constant or approximately constant temperature which correspond to the phase transition temperature of the phase change material (PCM) [5] . PCM provides an effective route for the efficient usage of LHS and generally is divided into three categories; organic, inorganic and eutectics [6] . Several studies had used organic PCM, which consists of paraffin and fatty acids. Similarly, Siming Zhang et.al [7] conducted an experimental study on latent thermal energy storage (LTES) by using paraffin as the PCM. In the study, Siming Zhang et al reported although heat conductivity of paraffin is low and average heat transfer, it is also stable and has suitable phase change temperature.
M. Li et.al [7] conducted a research on paraffin integrated with grafted MWCNT and montmorillonite (OMMT) as PCM in the thermal energy storage system. This study shows a significance improvement of thermal conductivity of 65% higher than paraffin itself. G.V. Belessiotis et.al [8] reported that by adding silicon oxide, SiO nanoparticles into paraffin has enhanced its latent heat and almost no agglomeration observe during characterization. Although paraffin has plenty of advantages such as no phase separation, it has issues with poor thermal conductivity, expensive and combustible [9] . As an alternative, researchers did investigate the inorganic material and its potential as phase change material. Inorganic PCMs such as metal alloys and salts hydrates contain huge heat storage capacity and high in conductivity. Opposites with organic PCM, inorganic material have abundance sources, far cheaper and incombustible which makes them a suitable replacement as PCM in LHS system [10] Due to its benefits, many studies has been conducted regarding salts hydrates as PCMs in thermal energy storage such as MgCl 2 [14] suggests calcium chloride hexahydrate (CCH) as PCM due to its thermal cycling stability. The research has investigated the effects of melting-freezing cycle on PCM from 10°C to 60°C with 7°C rate of change of temperature per minute. It was discovered that there were no significance changes in thermal properties based on the stability of melting temperature during the cycles. Li et.al [15] A. Hasan et.al [16] studied the comparison of CaCl 2 .6H 2 O PV system and combination of calmitic acid-palmitic acid PV system in Vehari, Pakistan and Dublin, Ireland. These countries have different weather, humidity and temperature and from the study, it is proved that CaCl 2 .6H 2 O PV system accomplish greater temperature plunge and better power saving at both locations. There are some studies also introduced nanoparticles into PCM in order to increase the thermal conductivity. S. A. Nada et.al [17] investigated the effects of PCM/Al 2 O 3 in the thermal adjustment in the building. The results showed that addition of Al 2 O 3 nanoparticles has increased the thermal regulation and thermal effectiveness of the integrated modules compared to using PCM without nanoparticles. Laura Colla et.al [18] also reported that insertion of carbon black nanoparticles into PCM derive a 25% greater of thermal conductivity improvement and Al 2 O 3 nanoparticles portray 10% of boost in latent heat. G. Alva et.al and Y. Lin et.al also proposed that nanoparticles such as silver and metal oxides may develop higher thermal conductivity [19] [20] . There are very few researches conducted on graphene based PCM. As known, graphene has attracted a great interest due to its diverse properties and has been used as thermal energy storage material. It is is a two-dimensional (2D) structure of monolayer carbon atoms packed into a dense honeycomb crystal. Therefore, in this research different composition of graphene is used to select the ideal weight percentage in enhancing the morphology and thermal properties of calcium chloride hexahydrate.
II. MATERIALS AND METHOD

A. Materials
Calcium chloride hexahydrate (CaCl 2 .6H 2 O) (98%, ACROS) was used as inorganic PCM and purchased from Fisher Scientific. Graphene (8 nm, 98.5%,) was purchased from Graphene supermarket. In addition, surfactant cetyltrimethylammonium bromide (CTAB) and nucleating agent strontium chloride hexahydrate (SrCl 2 .6H 2 O) were purchased from Fisher Scientific.
B. Preparation of nanoenhanced PCM
The CaCl 2 ·6H 2 O nanoenhanced PCMs were prepared by two step method [21] . Surfactant cetyltrimethylammonium bromide (CTAB) was added to the CaCl 2 ·6H 2 O-based PCM and strontium chloride hexahydrate (SrCl 2 ·6H 2 O) nucleating agent mixture, and was homogeneously stirred using a magnetic stirrer at 50°C for 20 minutes. The graphene nanoparticles with different weight percentage consisting 0.5%, 1.0%, 1.5% and 2.0% were then added and stirring was continued for another 10 minutes. Finally, ultrasonic vibration was applied to the preparation processes for 30 minutes to improve the dispersion stability of the mixture and minimize the nanoparticle aggregation. The sonicate temperature during the preparation processes was maintained above the CaCl 2 ·6H 2 O melting point to preserve its liquidity. The schematic step by step process is shown in Figure 1 . Table 1 shows the composition of each material used for the preparation purposes. However, for the purpose of characterization, the NEPCM was dry freeze overnight using dry freezer to obtain powder form as shown in Figure 2 . Figure 2 . Dry freezing of NEPCM using FDU-1200 EYELA.
III. CHARACTERIZATION
A. FESEM, TEM and LEXT
In order to study the morphology, nanoparticles distribution, chemical composition of pure and nanoenhanced graphene-based calcium chloride hexahydrate, Field Emmision Scanning Electron Microscope (JSM-7800F Prime, JEOL), Transmission Electron Microscope (JEM-2100F, JEOL), and LEXT (OLS4100, Olympus) was used. Hence to prepare the FESEM samples, a small amount of graphene nanoparticles flakes was attached to the carbon tape and the surface morphology of the samples were studied in FESEM. Unfortunately, nanoenhanced graphene based PCM was not able to be viewed using FESEM as, when the graphene nanoparticles mixed with PCM, nucleating agent and surfactant were exposed to the environment it tends to absorb the moisture from the atmosphere and melts the PCM. Therefore, semiliquid samples can't be used to view in FESEM. Alternatively, for the enhanced graphene based PCM, TEM was utilizing to check the morphology and distribution of the nanoparticles as well as surfactant and nucleating agent. A few drops of the semiliquid NEPCM samples were dropped on the copper grid and dried at room temperature prior to viewing under TEM.
B. DSC
DSC-60, Shimadzu instrument was used to investigate the thermal properties such as latent heat and melting temperature of NEPCM. The methodology utilized was similar to other research work [21, 22, 23] . For the calibration of temperature an empty crucible was used. Another crucible or pan was filled with sample weighing in the range of 0.8-1mg mass range. In order to increase the thermal contact between the sample and crucible, these samples were pressed and covered with a lid. Then the crucible was placed in the DSC instrument. The DSC measurement was carried out at the temperature range of 30 ℃ to 80℃ with increase of 10℃ per minute. Hence for the cooling down process, nitrogen gas atmosphere with 40-60 ml/min flow was maintained inside. All the sample preparation was done at room temperature.
C. Thermal Conductivity
The thermal conductivity of the solid sample was measured using KD2 Pro (30 mm dual needle (SH-1) thermal properties Analyser [24, 25] , Decagon Devices. The thermal conductivity of the sample was measured at room temperature. The measurement was made at least five times, and the average value was taken for analysis. Each time, the sample was allowed to cool for two to three minutes to make sure the temperature of the sample was nearly room temperature, to avoid errors. The instrument was calibrated using glycerine During the measurement, error value should be below the optimum value to obtain accurate results. The accuracy of this instrument was ±0.01 W/m.K. Figure 3 shows the specification of KD2 Pro thermal conductivity testing setup. The same method was followed to carry out the experiment for all other compositions too. Figure 4 (a) and (b) shows the surface morphology of graphene nanomaterials taken at 5,000x and 50,000x magnification using FESEM. From these images it can be observed that the graphene nanosheets which is approximately around 100-200nm stacked together with Van der Waals forces. It also has a porous network like structure which allows the absorption and ease mixing with other materials. In addition, Figure 5 (a) shows TEM image of graphene taken at 30k magnification. It can be observed that graphene nanosheets has distributed well with PCM due to its high specific surface area. The sharp single lattice fringes show a well dispersion of NEPCM on graphene and has effectively prevent stacking of graphene nanosheet compared to the FESEM image of graphene nanomaterials. Thus, this has led to higher available surface area for thermal energy storage. Similar results were reported by Jana et al [26] . Consequently, when 2wt% of graphene was added to CaCl2.6H2O has increased the electrical conductivity of NEPCM lattice which has led to a direct conductive path for rapid electron transmission with a lattice fringe spacing of 0.232nm corresponding to the (111) crystal plane of the sheets as shown in Figure 5 (b) . Most importantly the PCM, surfactant and nucleating agent were distributed uniformly on the graphene surface rather than agglomerated together on certain areas of the graphene nanosheets, due to the effect of nucleating agent and sonication. In conjunction with this, EDX results has shown the presence of carbon which is graphene with highest percentage, 34.6 %. calcium and chlorine were also present from the calcium chloride PCM base. However, the 6 molecules of H2O have somewhat evaporated during the process mixing and sonication hence oxygen has the lowest composition with only 3.9 % compared to other elements LEXT 3D images also shows a uniform distribution of nanoenhanced graphene-based calcium chloride hexahydrate in Figure 6 . Graphene is hydrophilic and has high affinity to water molecules thus it dissolves easily in water and other solvents [27] . This characteristic makes it potential for the use of microelectronics as well for thermal energy storage. Graphene nanomaterials which is in the grey shade has immersed uniformly with PCM which the white shade is. There is no agglomeration in only specific area and has been also proved in TEM image as in Figure 5 
IV. RESULTS AND DISCUSSION
A. Morphology Characterization
B. Thermal Characterization
The purchased pure PCM, calcium chloride hexahydrate melting temperature is 47.52 ℃ as derived by DSC. Instantly when graphene was added the melting temperature increased to 49.31°C as shown in DSC curve in Figure 7 . Also presented was thermal conductivity chart that demonstrate the increment of thermal conductivity with increasing value of graphene wt%. The increment of thermal conductivity is proportional with graphene weight percentage. The highest thermal conductivity was given by 2 wt%, which is 0.5656W/mK. As the percentage of graphene nanomaterials increased, the thermal conductivity also increased. Hence with the increase of graphene percentage, a single thin lattice layer of graphene is produced as revealed in TEM image. Baladdin et al stated, while single layer graphene exhibits high thermal conductivity, molecular and lattice dynamics simulations reveal that even in the presence of one or few additional layers, thermal conductivity can be significantly reduced [28] . Therefore, a single layer graphene increases thermal conductivity and heat transfer hence, can be essential for thermal energy storage application. 
V. CONCLUSION
Conclusively, graphene is a unique material which has enhanced the thermal properties and morphology of PCM. Graphene nanomaterial has induced well in the PCM solution and improved the thermal conductivity and latent heat of calcium chloride hexahydrate. The ideal composition was 2wt% which has increased the thermal conductivity and melting temperature tremendously. Therefore, nanoenhanced graphene based PCM is an excellent nanocomposite for thermal energy storage application.
